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Introduction

Johannes  Kepler is  one of the most  influential  minds in scientific  history.   A 

recent ranking of the top 100 scientific minds rated him ninth, only surpassed by Issac 

Newton, Albert  Einstein, Neils Bohr, Charles Darwin, Louis Pasteur, Sigmund Freud, 

Galileo  Galilei,  and  Antoine  Laurent  Lavoisier.[,  p50]  Of  those  scientific  giants,  only 

Kepler and Galileo were contemporaries.  Kepler has a long history of influence that has 

shaped the minds of scientists for generations.

The  following  sections  summarize  the  childhood,  faith,  education,  significant 

accomplishments and eventual death of Johannes Kepler; a man who helped shape the 

world’s understanding of the heavens. 

As a Youth

Johannes Kepler was born in the town of Weil der Stadt in Swabia, which is a 

historic region in southern Germany, on December 27, 1571.  Kepler was a premature 

baby and suffered several afflictions including nearsightedness, double vision (believed 

to  have  been caused by  a  near-fatal  bout  with smallpox),  and abdominal  pains.[,  p100] 

There are other references to skin ailments, hand deformities, and headaches indicating 

Kepler was far from normal health.

Germany during Kepler’s childhood experienced economic hardship and social 

turmoil.   The  population  was  rapidly  increasing  across  Europe  which  caused  social 

unrest.  The population growth coupled with the influx of precious metals from the New 

World were the main causes of an inflationary trend that reached torturous stages in the 

1590s and early 1600s.[]  High prices for food, bad harvests, and severe winters drove 
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adverse  nutrition leading  to  regular  illness  and  disease.[]  These conditions  created  a 

highly visible  class  distinction between the wealthy and the  poor,  resulting in  social 

tensions throughout Germany.

In  1576,  Kepler  moved  to  Leonberg,  Germany  with  his  father,  a  mercenary 

soldier, and mother, daughter of an innkeeper.[]  Kepler’s father, Heinrich Kepler, died in 

a war in the Netherlands when Johannes was five years old, forcing the young Kepler to 

live and work with his mother at the family’s inn.[]  According to Johannes, his father was 

“an  immoral,  rough  and  quarrelsome  soldier” who  deserted  his  family  on  many 

occasions to join distant conflicts.[,  p100]  The absence of wealth and a nurturing father 

created great hardship for him.

Kepler’s  mother,  Katherine,  was  described  by  Kepler  as  “bad-tempered” and 

“garrulous”.[,  p100]  Katherine’s great aunt was persecuted as a witch and burned at the 

stake.  This great aunt actually raised Katherine’s mother, which may have influenced 

some  of  Katherine’s  unique  personality  traits.  Katherine’s  odd  behavior,  as  well  as 

charges against her great aunt, contributed to the persecution Kepler’s family experienced 

later  in  life.[,  p100] While Katherine’s personality may not  have been appealing,  she is 

credited with showing Kepler a comet in 1577, which Kepler later acknowledged had a 

lasting impact on his life and inspired his works.[, p100]

Kepler first attended the German Schreibschule in Leonberg on scholarship.[, p101] 

Soon after his arrival in Leonberg he transferred to the Latin school, where he developed 

the  complex  Latin  style  displayed in  his  works.[,  Vol.7,  p289]   In  1584 he  attended the 

Adelberg monastery school, creating a strong theological foundation in his education.[, 

Vol.7,  p289]  Before attending college, he enrolled at Maulbronn which was a preparatory 
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school for the University of Tübingen.  His collegiate studies started in October of 1587 

with his enrollment at the University of Tübingen.

Faith

Kepler  was  a  highly  religious  man  who  initially  attended  the  University  of 

Tübingen to study theology and philosophy.[,  p51]  “All his writings contain numerous  

references  to  God,  and  he  saw  his  work  as  a  fulfillment  of  his  Christian  duty  to  

understand the works of God.”[]  Kepler’s writings indicate his belief that God made the 

universe  based  on  mathematical  plans,  a  view  shared  in  the  works  of  Plato  and 

Pythagoras.  He believed the study of mathematics gave men the ability to understand 

these  plans.   Kepler’s  works  contain  multiple  references  thanking  God  for  insights 

allowing him to understand various phenomena.[]  

Kepler  was raised as  a  Lutheran.   The Lutheran Church was still  in  its  early 

growing stages as the Reformation movement started in 1517, by Martin Luther, in an 

attempt to cleanse the apparent false doctrine and practices within the Roman Catholic 

Church.  In addition to doctrine differences, corruption was believed to run rampant in 

the Roman Catholic Church, especially in its hierarchy and appointments.  This was a 

very charged time in religion,  with devotion and hostility running high,  especially in 

Germany where Martin Luther launched the Reformation.  For example, in 1600, Kepler 

moved from Graz  to  Prague to  avoid persecution as  a  Lutheran  during the  Counter-

Reformation movement launched by the Roman Catholic Church.[, p51]

Kepler’s family was also persecuted.  Kepler had to defend against public charges 

that his mother, Katherine, was a witch.  At the time of the Reformation, the Roman 

Catholic Church was very focused on witches.  Between 1617 and 1620, Kepler spent 
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months  preparing  legal  defenses  for  his  aged  mother.[,  Vol.7,  p289]  Some  of  Kepler’s 

scientific research and creative writings were used as evidence in the trial.  

In 1620 Katherine was arrested at the age of 74 and threatened with torture.[, p54] 

Kepler’s mother was a cranky and unpleasant sort,  who suffered from insomnia,  and 

would admit  to  nothing regarding witchcraft.[,  p13]  The townsfolk despised her  as an 

interfering busybody.  At one point the townsfolk made Katherine perform an illegal 

magic  ritual  at  sword  point  to  gather  evidence  against  her,  which  contributed  to  the 

charges  of  witchcraft.[,  p14] Other  evidence  against  her  was  sketchy,  and  she  was 

eventually freed.  Katherine died in 1622.  

College, Teaching and Apprenticeship

While  Kepler  attended the  University  of  Tübingen,  it  was  usual  for  theology 

students to take courses in arithmetic, geometry and astronomy.  Kepler was taught by 

Michael Mästlin, one of the leading astronomers of the time.[] Geocentric astronomy was 

the prevalent curriculum.  Conformists believed the planets and Sun moved around the 

Earth, a view consistent with Roman Catholic Church doctrine.  However, Mästlin had 

studied Copernican theories, and he planted the seeds of a heliocentric solar system into 

Kepler.[, Vol.7, p289]  

Kepler  was  a  strong  student  as  demonstrated  by  his  quarterly  grades,  still 

preserved, which show him as a ‘straight A’ student and school officials noted he had 

“such a superior and magnificent mind that something special may be expected of him.”[, 

Vol.7, p289]   On September 25, 1588, Kepler passed the baccalaureate exam and on August 

11, 1591 he received his master’s degree from Tübingen University.[, Vol.7, p289]
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Next, Kepler enrolled in the theology course, but halfway through his last year a 

mathematics teacher at a school in Graz, Austria died.  The local authorities asked the 

University of Tübingen for a replacement and Kepler was selected.  Kepler protested the 

forced abandonment of his hopes of becoming a clergyman, but he set out to assume the 

role in Graz as requested.[, Vol.7, p289]

From 1593 to 1598, Kepler was a professor of mathematics and morals at Graz, 

but he had few students and was not notably successful as a teacher.[, p51]  In addition to 

his duties as a mathematician, Kepler also composed an astrological calendar complete 

with  predictions.   It  is  important  to  remember  at  this  time  the  distinction  between 

astronomy and astrology was very ambiguous.  Kepler’s predictions of an extraordinarily 

cold winter and a Turkish invasion came to pass, but despite the clamor his predictions 

caused, he never held much respect for forecasting the future.[, p102]  

While in Graz, Kepler married a widower named Barbara Müeller on April 27, 

1597.  According to Kepler, Barbara Müeller was the daughter of a wealthy mill owner 

who had  “set  his  heart  on fire”.[,  Vol.7,  p293]   The marriage soon turned sour as  Kepler 

realized she understood nothing of his work and he later described her as “fat, confused,  

and simpleminded”.[, Vol.7, p293]  In addition to the lack of compatibility between the couple, 

the early deaths of their first two children grieved Kepler deeply.

While working in Graz, Kepler wrote Mysterium cosmographicum (1597), which 

supported the Copernican view of a heliocentric cosmos. This book provided a vehicle 

for friendly interchanges with Galileo and the great astronomer Tycho Brahe, as Kepler 

solicited feedback on its  contents.   Due to  these  interchanges,  and  a  desire  to  leave 

Catholic  dominated  Graz  during  the  Reformation,  Kepler  became  Tycho  Brahe’s 
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assistant in Prague c. 1600.[]  Kepler left with very little money as his wife’s assets were 

invested in land making them difficult to liquidate.[, Vol.7, p293]  

Tycho  Brahe  was  the  scion  of  a  noble  Danish  family,  famed  for  the 

comprehensiveness of his astronomical measurements which he started cataloging at the 

age of sixteen.[,  p27]   The relationship between Kepler and Brahe was difficult.  Brahe 

closely guarded his lifetime work of gathering measurements to construct his own model 

of  the  heavens.[,  p51]  Brahe  had  acquired  a  mass  of  data,  but  apparently  lacked  the 

mathematical skills to interpret it into a meaningful model of the solar system.  At one 

point, unable to interpret the data surrounding the orbit of Mars, Brahe reluctantly turned 

over the analysis  of  Mars to  Kepler.[,  p107]  Brahe was either  unable,  or unwilling,  to 

deduce the apparent elliptical nature of the orbit of Mars.

Luckily for Kepler this apprenticeship did not last long as Tycho Brahe passed 

away in 1601.  Kepler succeeded him as the court mathematician to the Holy Roman 

Emperor Rudolf II.[]  The reason for Kepler being selected as successor is not clear as 

Brahe had other competent researchers working with him, but it seems Kepler’s progress 

on understanding the orbit of Mars may have been the swaying factor.  In addition to 

inheriting a title, Kepler gained possession of years of astronomical measurement data 

which would help him eventually form his now famous laws of planetary motion.

Kepler’s move to Prague provided another potential boon as troops carried typhus 

into Prague, killing his ‘fat, confused, and simpleminded’ wife Barbara on July 3, 1611.[, 

Vol.7, p300]  Kepler later married Susanna Reuttinger, a 24 year old orphan, on October 30, 

1613 while living in the city of Linz.[,  Vol.7, p300]  The marriage was successful and much 

happier than the first despite her diminished social status.  The second marriage was also 
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plagued by the early death of five of their seven children, similar to his first marriage 

where only two of the five children survived to adulthood.[, Vol.7, p300]  In Europe at that time 

child  mortality  rates  were  not  well  tracked,  but  indications  are  children  generally 

survived to age 10 around 70% of the time.[, p165]  In Kepler’s case, his children’s survival 

rate was half the norm.  The cause of all these early deaths is not known, but since Kepler 

was  a  small  man  plagued  by  many  ailments,  the  likely  suspects  would  be  some 

combination of poor nutrition and a potential genetic disorder(s). 

Kepler was forced to leave Linz due to the beginning of the Thirty Years War, 

which decimated many parts of Germany and Austria.  The war initially started due to 

strife between Protestants and Catholics and eventually included much of Europe.  Kepler 

settled in the town of Sagan, in Silesia.[, p110]

Planetary Motion 

In 1609, Kepler published Astronomia Nova (New Astronomy), which was based 

on the research of Brahe’s measurements regarding the orbit of Mars.  Kepler recognized 

that the data did not support the Ptolemaic or the Copernican scheme of perfectly circular 

motion of the planets.  “The Astronomia nova has a literacy form unique among works of  

science: it is a confessional narrative, in which Kepler recounts at length a series of  

attempts he made to solve the problem of Mars’ true orbit.  In it he does not hesitate to  

include his failures and setbacks.  And it is this feature of the book that has made it  

possible for so many historians to describe the sequence of steps he took in discovering  

his first two ‘laws’ of planetary motion”.[, Vol.22, p106]   The reason for using this style is not 

known,  but  it  may  have  been  a  preemptive  defense  against  persecution  on  himself 

supporting a heliocentric model of the solar system.  If others could read and understand 
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the trials and tribulations Kepler faced in interpreting the data to support a heliocentric 

model, they perhaps would be less vehement in pursuing him as a heretic.

Using Brahe’s data, Kepler derived his first law of planetary motion which states 

that the orbit of a planet in is represented by an ellipse with the sun at one of the foci (See 

Figure 1).  An ellipse is a locus of points in a plane such that the sum of their distances to 

the foci (F and F’) is equal as illustrated in Figure 1 by the string fixed at F and F’. 

Figure 1. Ellipse representing planetary motion.[, p52]

In addition to the elliptical nature of a planet’s motion, Kepler also realized that 

the speed of the planets was not uniform along their elliptical path.  The data collected by 

Brahe indicated that the planets moved faster when they were near the sun and slower as 

they moved further away.  This observation led to the second law of planetary motion, 

derived by Kepler, which states that a line between a planet (traveling along its orbit) and 

the Sun will sweep out equal areas during equal intervals of time.  This is visualized in 

Figure 2, which indicates the shaded areas A1 and A2, created by planet 1 as it moves 

around its orbit, are produced in equal times and share equal areas.
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Figure 2. Kepler's Laws Example Diagram.[]

The publication of Kepler’s third law of planetary motion didn’t occur until 10 

years later in Harmondice mundi (Harmony of the World: 1619).[, p53]   The work is “filled 

with illustrations and musical examples – each planet is ascribed its own range of sounds  

- Harmonice mundi is a sometimes delirious work which exemplifies Kepler’s view that  

notions of mathematics provide a means for knowing the universe, and this view of the  

world is something mankind can share with God.”[, p53]  While the work drifts into near 

mystical realms, it includes Kepler’s third law of planetary motion which states that the 

square of the orbital periods are proportional to the cubes of the semi-major axis.   Using 

the semi-major axis values from Figure 2 ( 1a and 2a ), and P for period, the third law is 

simply expressed in Equation 1.

3
2

3
1

2
2

2
1

a
a

P
P

planet

planet =

Equation 1. Kepler's third law of planetary motion.
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Kepler’s third law had profound impacts on other scientists as well.  For example, 

it was Kepler’s third law of planetary motion that led Issac Newton to discover the law of 

gravitation, as opposed to the sensationalized tale of an apple falling from a tree onto his 

head.[, p100]

It should be noted that Kepler’s findings, and those like it, caused an uproar in 

religious  circles.   In  1616  the  Roman  Catholic  Church  denounced  the  idea  of  a 

heliocentric  solar  system,  and  banned  all  books  covering  this  model.[,  p212]   Others 

sympathetic  to  the  heliocentric  model,  such  as  Galileo  Galilei,  were  warned  not  to 

believe,  teach  or  defend heliocentric  theories.[,  p212]  The  ban  enacted  by  the  Vatican 

remained in effect until 1753.[, p377]

Optics

On July 10, 1600 Kepler observed a partial solar eclipse using a pinhole camera 

constructed from directions provided by Tycho Brahe.[, Vol.7, p298]  While using the device, 

Kepler noticed some distortions and realized the errors resulted from the finite aperture of 

the instrument.  Using threads to analyze the issue, Kepler “clearly defined the concept  

of the light ray, the foundation of modern geometrical optics”.[, Vol.7, p 298]   

Kepler also applied the idea of the light ray to the optics of the eye, showing that 

the image is  formed on the retina.   This new deduction coined the phrase “pencil  of 

light”, referring to the light rays placing the image on the retina.[, Vol.7, p298]  Kepler doesn’t 

seem to elaborate on the retinal image being inverted and how that was rectified by the 

viewer, but he obviously was on the right track.

Part of Kepler’s work in optics also delved into describing the changing of light’s 

path in different mediums.  Kepler constructed an expression for the index of refraction 
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in terms of the angle of incidence and angle of reflection as shown in Equation 2.[, Vol.7, p298] 

It  appears  Kepler  knew that  the  densities  of  the  materials  caused  refraction,  but  the 

impacts to the speed of light in those varying densities was not part of his conclusions.

nri =−

Equation 2. Index of refraction (n) in terms of incidence and refraction angles.

In support of his works in optics, Kepler published  Astronomiae pars optica in 

1604 which discussed parallax,  astronomical  refraction,  eclipse instruments and some 

results regarding annual variations in the apparent size of the Sun.[,  Vol.7,  p298]  While the 

Sun’s size variations appear inconclusive, it  likely played a role in formulation of his 

three laws of planetary motion.

Galileo also shared an interest in optics and eventually used Kepler as a reviewer 

of his work.  Kepler received a copy of Galileo’s  Siderus nuncius through the Tuscan 

ambassador stationed in Prague and a solicitation of his opinions on its contents.[, Vol.7, p299] 

This  was an  amazing  opportunity  for  Kepler,  who had  previously  solicited  Galileo’s 

opinion on his  Mysterium cosmographicum (1597) and received very little response on 

the  scandalous Copernican based theories it contained.  Kepler was now a distinguished 

mathematician  whose  opinion  mattered  and  he  quickly  replied  with  a  long  letter  of 

approval to Galileo.[, Vol.7, p299]  Galileo’s works on optics also motivated Kepler to describe 

a  new  kind  of  astronomical  telescope  that  used  two  convex  lenses,  which  was 

documented in Dioptrice (1611).[, Vol.7, p299]  Most of Kepler’s works in optics seem to be a 

direct result of the needs he encountered while studying planetary motion and other solar 

phenomena.
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Other Discoveries/Publications

A man after my own heart, Kepler was also a connoisseur of wine.  In 1615 he 

produced Stereometria doliorum vinariorum, which is regarded as a significant work in 

the prehistory of calculus.[, Vol.7, p300]  While trying to purchase wine casks to house a recent 

wine  harvest,  Kepler  noticed the merchant  only measured the diagonal  length of  the 

barrels,  ignoring  their  shape.   Kepler  then  set  out  to  measure  their  actual  volumes, 

avoiding  Archimedean  procedures,  he  considered  the  figures  were  composed  of  an 

infinite number of thin circular laminar or other cross sections.[,  Vol.7,  p300]  Kepler even 

went on to include the inspection of other shapes including the torus.

There were some offshoots in his astronomical works that were not specifically 

tied  to  planetary  motion.   In  1619  Kepler  produced  De  Cometis  liberllitres,  which 

discussed in detail comets that passed in 1607 and 1618 including their ephemeral nature 

and  apparent  rectilinear  trajectory.[,  Vol.7,  p302]  The  book and  observations  would  later 

influence other astronomers, including Edmond Halley who referred to Kepler’s work 

when hypothesizing the periodic nature of his namesake comet.[,  Vol.7,  p302]  Kepler also 

authored Hyperaspistes (1625) on comet theory as well, but it has a reputation of being 

difficult to read and is not as influential as De Cometis liberllitres.

Kepler was tasked with summarizing Tycho Brahe’s planetary data into usable 

tables after succeeding him.  These tables were titled  Tablulae Rudolphinae (1627), in 

honor (and hope of payment) from Emperor Rudolf II.  While Kepler’s efforts on these 

were more tedious than inspirational, they were quite impressive as they were perpetual 

in nature, allowing users to calculate the positions of the planets for any date in the past 

or future.[, Vol.7, p304]  This was far more advanced than similar works of that period which 
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were based on sequential  positions of the planets  for specific  days.   In addition,  the 

Tablulae Rudolphinae were more accurate than earlier tables, reducing previous errors 

from up to 5° down to ± 10’.[,  Vol.7, p305]  Beyond planetary position tables, the  Tablulae 

Rudolphinae also contain a catalog of 1,000 fixed stars, a chronological synopsis, a list of 

geographic positions, and a table of logarithms created by Kepler based on Eudoxian 

theory  of  general  proportion.[,  Vol.7,  p305]  Kepler  was  excited  by  logarithms  and  their 

potential application, but he had difficulty with the issue of limit increments, which he 

was able to conceal using a numerical approximation (see Equation 3).[, Vol.7, p304] 

Equation 3. Kepler's form of log x. [, Vol.7, p304]  

Kepler  produced a  conjecture regarding the  potential  density  achievable when 

packing  spheres  into three  dimensional  Euclidean spaces.[,  p12963]  The  sphere  packing 

conjecture  was  even  mentioned  in  Hilbert’s  famous  presentation  to  the  Second 

International Congress of Mathematicians in Paris in 1900.[, p413]  The measure of packing 

efficiency is the density of the spheres relative to that of the container.  For example, if 

spheres are dropped randomly into a container, the average density will be approximately 

65% as demonstrated by experimentation.  Using Kepler’s conjecture, which involves 

ordering  the  base  layer  of  spheres  into  a  hexagonal  lattice,  the  maximum  density 

approaches 74048.0
18

≅π
.[, p12963]  A proof of Kepler’s conjecture was presented in 1998 
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by Thomas Hales, a professor at the University of Michigan, and his assistant Samuel 

Ferguson. [, p12963]   

While staying in Sagan during the Thirty Years War, Kepler also dabbled with 

some creative writing.  The work titled  Somnium seu astronomia lunari (Dream of the 

Moon) featured a knowledgeable demon who explains how one could travel to the moon.[

,  p110]  The questionable nature of this work, due to its demonic undertones, was even 

presented as evidence in Katherine’s witchcraft trials and Kepler spent significant energy 

spinning the concept of the demon as purely fiction and only a literary device.[, p110]

Conclusion

Johannes Kepler died in the city of Regensburg, Germany on November 15, 1630 

after a short illness.  He was buried at  a church in Regensburg, but it  was destroyed 

during the course of the Thirty Years’ War and nothing remains of the tomb.[]  Indications 

are Kepler wrote his own epitaph, but the exact text seems to vary from source to source. 

My favorite of these speculative epitaphs is below:

“I measured the heavens, Now the earth’s shadows I measure, Skybound, my mind.  

Earthbound my body rests.”[, p357]

In spite of his legendary achievements, Kepler never acquired wealth or prestige. 

Persecution  and  civil  unrest  forced  him  to  regularly  flee  his  domicile  and  left  him 

continuously trying to collect on past debts.  For example, at the time of his death he was 

trying to collect on an overdue salary.[, p100]
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After  his  death,  Kepler’s  manuscript  writings  were  bought  by Catherine II  of 

Russia and placed in the observatory of Pulkovo.[]  And even after almost four centuries, 

his historic findings are still taught to students today.
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